Introduction: The aim of the present study was to investigate the changes in serum progranulin and sex hormone levels in infertile women with obesity. Material and methods: A total of 171 infertile women who had fertility desire were included in this cross-sectional study. The initial assessment included measurements of weight, height, waist circumference, and hip circumference to calculate body mass index (BMI) and waist/hip ratio. All participants were categorised into two groups in accordance with BMI as a control group (< 30 kg/m
Introduction
Progranulin is also known as proepithelin, or plasma cell derived growth factor and a precursor of granulin for proteolytic cleavage process. It was originally discovered as an acrosomal glycoprotein, and named as acrogranin, which was found to be synthesised during spermatogenesis of guinea pigs [1] . It has some growth factor-like properties, and it is involved in early embryogenesis [2] , wound repair, and tissue remodelling [3] . It has the properties of a pluripotent growth factor mediating wound healing, tumorigenesis, and progression of cell cycle [4] . It has also been suggested that it plays a role in various disorders including breast, ovarian, cervical, gastrointestinal, and kidney cancers [5] [6] [7] [8] [9] as well as neurodegenerative disorders including frontotemporal dementia [10] and rheumatoid arthritis [11] . Progranulin is protein produced in response to hypoxia or acidosis [12] . It has complex physiological and pathological functions because it has both antiZeynep Ozturk Inal, Konya Education and Research Hospital, Turkey, tel: +90 543 671 63 03, fax: +90 332 323 67 23, e-mail: zeynephafiza@gmail.com Serum progranulin levels are elevated in infertile women with obesity Umit Gorkem et al.
The initial assessments of the patients included the measurements of weight, height, waist circumference (WC), and hip circumference (HC) to calculate BMI and waist/hip ratio (WHR). BMI was calculated as weight (kg)/height 2 (m 2 ). All participants were categorised into two groups in accordance with their BMI, as a control group (< 30 kg/m 2 , n = 135) and a study group (≥ 30 kg/m 2 , n = 36). WC was measured at the mid-point of the lowest margin of 12 th rib and the lateral iliac crest during normal expiration. HC was measured at the maximum extension of the major trochanters. All anthropometric measurements were performed with the same scale, and by the same observer.
Data collection and assays
Venous blood samples of the participants were obtained from their antecubital veins between 08:00 and 10:00 after an eight-hour fasting period on menstrual days 2-5 for oestradiol (E 2 ), follicle stimulating hormone (FSH), luteinising hormone (LH), total testosterone (TT), 17-Hydroxyprogesterone (17OHP), dehydroepiandrosterone sulphate (DHEAS), anti-Müllerian hormone (AMH), and progranulin measurements. The samples were allowed to clot completely at room temperature, and then they were centrifuged within 30 min at 3000 rpm for 20 minutes. The serums for AMH and progranulin measurements were frozen at -80°C within two hours, until they were analysed. The serums were analysed on a daily basis for E 2 , FSH, LH, TT, 17OHP, and DHEAS using electrochemiluminescence immunoassay (ECLIA) method and an auto-analyser (Cobas 6000, E 601 Roche Diagnostics, GmbH, Mannheim, Germany). The AMH samples were measured with the ECLIA method using an auto-analyser (Cobas 6000, 601 Roche Diagnostics, GmbH, Mannheim, Germany).
The serum progranulin levels were determined using commercially available enzyme-linked immunosorbent assay (ELISA) kit developed for PGRN (Biotek Synergy HT, Cloud-Clone Corp., Houston, USA) and given as ng/mL. CVs for intra-assay were < 10%, CVs for inter assay were < 12%, sensitivity was 0.05 ng/mL, and assay range was 1.56-100 ng/mL.
Statistical analysis
All data analyses were performed using SPSS (Statistical Packages for The Social Sciences) software, version 21 (SPSS Inc., Chicago, USA). The Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test normality of distribution. Continuous parameters were presented as mean ± standard deviation (SD). Continuous variables were compared using independent samples t-test due to normally distributed data. Pearson or Spearman correlation analysis, where appropriate, was used to test whether progranulin showed any significant linear and pro-inflammatory characteristics [13, 14] . The data suggest that the full-length form of progranulin exerts trophic and anti-inflammatory actions. However, proteolytic cleavage of progranulin produces granulin peptides that induce inflammatory action [15] .
Recently, obesity has been increasing worldwide as an epidemic. It has been associated with a chronic low-grade inflammatory state, which is characterised by increased pro-inflammatory and decreased anti-inflammatory factors. More than one third of the adult population is obese in Turkey, similarly to most of the world [16, 17] . The World Health Organisation has defined obesity as body mass index (BMI) equal to or greater than 30 kg/m 2 [18] . Obese women are more susceptible to anovulation and abnormal uterine bleeding, infertility, miscarriage, as well as antenatal and neonatal complications in which the mechanism is complex and multifactorial [19] . Obese women also show impaired development of ovarian follicles and oocytes, and abnormal fertilisation, embryo development, and implantation [20, 21] .
Therefore, progranulin found in adipose tissue may participate in chronic inflammation associated with obesity. To our knowledge, only scarce studies in the literature have investigated the role of progranulin on the pathogenesis of obesity and infertility. Thus, we aimed to investigate whether there were serum progranulin changes and any correlations between progranulin and sex hormones in obese infertile women.
Material and methods

Study population and design
All of the 171 women admitted to the Reproductive Endocrinology Department of Hitit University Hospital for fertility desire in Corum, Turkey between January 1 and September 30 2016 were included in this cross-sectional study. The study protocol was approved by the Institutional Review Board of Ankara Numune Education and Research Hospital (reference number: E-15-563), in accordance with the Declaration of Helsinki, 2013 Brazil version. Written, informed consent was obtained from each participant before starting the study. The exclusion criteria were accepted as history of pelvic surgery, chemotherapy and/or radiotherapy, ovarian masses, polycystic ovarian syndrome, endometriosis, severe systemic diseases including diabetes mellitus, cardiovascular, renal, hepatic, autoimmune or endocrine disorders, use of drugs likely to affect ovarian functions, smoking or alcohol consumption, and pregnancy or lactation. Infertility was described as the failure to conceive in one year with regular sexual activity. The participant women who had a diagnosis of unexplained infertility were included in the present study.
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relationship with other study parameters. Multiple linear regression analysis was used to investigate the associations between progranulin and the other study parameters. A p value less than 0.05 was considered as statistically significant.
Results
The comparisons of anthropometric and biochemical parameters among the overweight and obese women in relation with BMI are demonstrated in Table I . No significant difference in mean age was observed between the control and study groups (p > 0.05). As expected, the anthropometric measurements including BMI, WC, and HC were higher in the study group (p < 0.001). However, the mean WHR did not differ between the two groups (p > 0.05). Serum E 2 , LH, 17OHP, and DHEAS levels were similar in the control and study groups (p > 0.05). The non-obese women had higher FSH levels compared to obese women (p < 0.01). Elevated TT levels were detected in obese women (p < 0.05). Moreover, the comparisons of circulating AMH levels did not confirm any difference between the two groups (p > 0.05). The comparisons revealed increased progranulin concentrations in the study group (p < 0.05).
Correlation analysis showed that the BMI (r = 0.228, p = 0.003), WC (r = 0.171, p = 0.018), and HC (r = 0.172, p = 0.025) correlated with the levels of progranulin (Table II) .
Multiple linear regression analysis revealed that there was a relationship between the serum progranulin concentrations and BMI. In another words, it was observed that the BMI could be a variable affecting progranulin levels, and the other variables could have no effect on progranulin levels, as shown in Table III (p < 0.05).
Discussion
In this study, we investigated the relationship between serum progranulin levels and obesity in infertile women and found that serum progranulin levels were significantly higher in obese infertile women when compared to overweight infertile women. Only scarce clinical studies demonstrated positive correlations between circulating progranulin levels and components of metabolic syndrome, including insulin resistance (IR), dyslipidaemia, and obesity. High progranulin levels have been reported in obesity [22] . Both animal [23] and human studies [24, 25] have reported a relationship between progranulin levels and adiposity.
It was also demonstrated that serum progranulin was associated with parameters of adiposity, IR, and Serum progranulin levels are elevated in infertile women with obesity Umit Gorkem et al.
several inflammatory factors [24] . Progranulin is particularly more highly expressed in visceral adipose tissues of morbid-obese, insulin-resistant patients [22, 26] . In a research from Brazil, the authors demonstrated that progranulin may be involved in the pathogenesis of obesity and become a target for metabolic disorder prevention or treatment [27] . When taken altogether, this evidence supports that progranulin plays a regulatory role in glucose and energy homeostasis, and it is possible that it may contribute to the progression of metabolic syndrome [28] . Qu et al. reported higher interleukin 6 (IL-6) levels in obese patients, and high IL-6 levels were associated with increased circulating progranulin levels [24] . Positive correlations of progranulin with C-reactive protein and IL-6 were also reported in human studies [22, 24] . In another study, progranulin seemed to play a role on this process, by recruiting monocytes into adipose tissue as well as monocyte chemoattractant protein-1, due to its characteristic activity [29] .
It was suggested that progranulin could be involved in the growth of adipose tissue [30] . It has been known that angiogenesis follows expansion of fat mass in obesity [31] . In fact, progranulin has previously been linked to formation of vessels [32] . However, the role of progranulin in adipogenesis is not yet clear. Moreover, progranulin shows an anorexigenic effect in the lean state, but a resistance is observed, and this leads to increased food intake [33] . Although progranulin shows an anti-inflammatory effect in acute conditions of ischaemia-perfusion injury [34, 35] , it is associated with IR and inflammation in obesity, as a chronic condition [23] .
Jian et al. published a review about the role of progranulin in inflammation. They also mentioned the proinflammatory effect of progranulin in chronic inflammatory conditions such as obesity. They concluded with insights into the immunomodulating, anti-inflammatory, therapeutic potential of progranulin in treating diseases with an inflammatory aetiology [36] . In a review by Fasshauer et al., secretion of adipokines like progranulin were altered in adipose tissue dysfunction, and they may contribute to a spectrum of obesity-associated diseases. The authors also stated that adipokines are promising candidates both for novel pharmacological treatment strategies and as diagnostic tools [37] .
There is evidence that the administration of progranulin in the mice hypothalamus significantly suppresses fasting-induced feeding and body weight gain in a dose-dependent manner. However, in obesity, a resistance to the anorexigenic effects of progranulin may contribute to increased food intake [33] .
Our study harbours some limitations that must be mentioned. Firstly, the sample size is small, and the non-significant associations between progranulin and some factors could have become statistically significant if larger samples were studied. Secondly, 
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our study is cross-sectional, and therefore causality of progranulin and other mediators such as IL-6 cannot be established.
Conclusions
Our results suggest that elevated progranulin serum levels are associated with obesity. Because progranulin is a key adipokine that mediates obesity through pro-inflammatory adipokines, infertile and obese patients may benefit if their serum progranulin levels decrease. Further prospective investigations are merited to illuminate the role of progranulin on the pathogenesis of obesity.
